e undertook a prospective MRI study to measure the retroversion of the humeral head in 33 consecutive infants with a mean age of 1 year 10 months (3 months to 7 years 4 months) who had an obstetric brachial plexus lesion (OBPL). According to a standardised MRI protocol both shoulders and humeral condyles were examined and the shape of the glenoid and humeral retroversion determined.
Children with an obstetric brachial plexus lesion (OBPL) may develop secondary deformity of the shoulder. An OBPL which involves the upper roots or trunk of the plexus (C5C6) can cause muscular imbalance around the shoulder with paralysis of the abductors and external rotators leading to a relative dominance of the internal rotators. 1 As a result, a characteristic secondary deformity develops consisting of a flexion and internal rotation contracture of the arm. 1, 2 Since the first publication by Fairbank in 1913 2 many studies have described secondary deformities of the shoulder in children with OBPL, most often consisting of deformation of the glenoid, alteration of glenoid version and/or posterior subluxation of the humeral head. 1, [3] [4] [5] [6] [7] Normal retroversion of the humeral head, subsequently referred to in this study as humeral retroversion, varies with age. It is maximal in infants and decreases to adult values between the ages of 12 and 16 years.
8,9 Scaglietti 10 first described an increase in humeral retroversion in children with OBPL. The most likely cause was thought to be muscular imbalance. 11, 12 Nevertheless, some authors suggested that trauma at birth was the main reason. 10, 13 Increased humeral retroversion is important when operative treatment for subluxation of the shoulder in patients with an OBPL is considered. Significantly increased retroversion may, to some extent, compensate for the internal rotation contracture of the arm caused by a posteriorly subluxated humeral head. Correction of humeral subluxation in the presence of increased humeral retroversion may result in a secondary external rotation contracture of the arm. 1 This possible complication should be considered during preoperative planning. In order to assess abnormal humeral retroversion in children with an OBPL which may contribute to this complication, we undertook a prospective MRI study of the configuration of the bone and cartilage of the shoulder and humerus.
Patients and Methods
Between August 1998 and September 2000 we studied prospectively 35 consecutive children with an OBPL. Two were excluded, one on the grounds of age (12 years) and the other because both shoulders were involved. This left 33 children with 33 affected shoulders.
Thirteen infants (group A) had MRI because of a persistent neurological deficit. They were being considered for neurosurgical reconstruction because of poor neurological recovery during the first three months of life. There were seven boys and six girls with a mean age of five months (3 to 9). The left shoulder was affected in seven and the right in six. In the remaining children (group B) MRI was performed because of an internal rotation contracture of the arm. There were 11 boys and nine girls with a mean age of two years (1 year 2 months to 7 years 4 months). They had a persistent unilateral OBPL with secondary deformities of the shoulder. Details of both groups are given in Table I .
The severity of the neurological deficit was determined according to the system of classification described by Narakas.
14 In all children both shoulders and elbows were examined by MRI (Magnetom 1.5 T Vision; Siemens, Erlangen, Germany). Children aged under five years were given pethidine, droperidol and chlorpromazine intramuscularly. During sedation they were monitored by ECG, measurement of the oxygen saturation and by video. A FISP threedimensional pulse acquisition sequence (repetition time, 25 msec; time to echo, 10 msec; flip angle 40°) with 1.5 mm partitions was used. Both shoulders were measured in the axial plane, at the mid-glenoid level, and at the distal humeral condyles. All measurements were made on images in digital format using post-processing software (Radworks 5.0; Applicare Medical Imaging BV, Zeist, The Netherlands).
We used two established methods of measurement. The form of the glenoid was classified qualitatively as concaveflat, convex or biconcave as defined by Birch 1 and humeral retroversion was measured according to the method of Scaglietti. 10 For this, MRI of both the shoulder and elbow was necessary. Measurements focused on both the cartilaginous head and the structure of the distal humeral condyles since in infants these skeletal structures are mostly cartilaginous (Fig. 1) . The difference in humeral retroversion between the pathological and normal side was studied. The results were expressed as the mean ± SD. For differences between the normal and affected sides a 95% confidence interval (CI) was given. The relationship between age and retroversion was described using the Pearson correlation coefficient. The statistical significance of the differences in retroversion between the pathological and normal side was tested using the paired two-sided Student t-test.
Results
Normal side. The mean humeral retroversion of the normal shoulder was -21.5 ± 15.1° (Table I and Fig. 2a) . Statis- -21.5 ± 15.1°; 95% CI -0.1 to -13.7; Fig. 3 ). Analysis by group showed this difference to be present only in group B, that is in children over the age of 12 months. In this group the mean humeral retroversion of the affected shoulder was -29.9 ± 12.9° compared with -19.6 ± 15.6° in the normal shoulder (p = 0.009), giving a mean difference of 10.3° (95% CI 3.3 to 17.3°) between them. Differences of up to 39° were found. There was no significant difference in retroversion in children under the age of 12 months (group A). In this group humeral retroversion of the affected shoulder was -25.9 ± 11.9° and that of the normal shoulder -24. 4 15 found a large variability in normal shoulders (SD 8°). In his studies retroversion decreased with age from a mean of 65° up to four years of age to a mean of 30° by the age of 16 years. In our study retroversion was measured according to Scaglietti 10 on cartilaginous rather than on osseous structures since in infants these elements are predominantly cartilaginous. By contrast with radiography, MRI allowed a detailed analysis of the mainly cartilaginous structures. Humeral retroversion can be measured by other imaging techniques such as standard radiography, but MRI is superior and avoids exposure to radiation. Our results differ from those of Edelson 8, 9 in that retroversion in our younger group (0 to 4 years) is less, with a mean -21° compared with -65° found by Edelson. This difference can be explained by his use of different landmarks. Whereas Edelson found a significant negative relationship to age we noted only a weak non-significant negative relationship between retroversion on the normal side and age, perhaps because only three children in our study were older than four years. We have shown that, in some children with an OBPL, humeral retroversion of the affected shoulder is significantly increased compared with the normal side. We agree with other authors that muscular imbalance and lack of derotating forces around the shoulder are the most likely Diagram showing the method of measurement of humeral retroversion according to Scaglietti. 10 A is the line through the medial and lateral humeral condyles and B the line through the longest diameter of the humeral head. Retroversion is the angle between A and B. Graph showing a) the relationship between age and humeral retroversion in the normal shoulder and b) the difference in retroversion (pathological side minus normal side). It is negative if retroversion of the pathological side is larger.
causes of the increased retroversion. 11, 12 In our study the differences in retroversion between the normal and affected side were mainly in children over the age of one year (group B). The normal decrease in retroversion, as described by Edelson, may be inhibited in some children with an OBPL. Some authors have suggested that the birth trauma which caused the OBPL is responsible for the difference in humeral retroversion. 10, 13 In our study no trauma-related changes in the shoulders were found on MRI. Lateral flexion or traction of the head causes OBPL, but in experimental studies only extension and adduction of the shoulder were able to cause a humeral epiphyseal fracture. 16, 17 These movements do not occur during birth. The persistence of humeral retroversion in a posteriorly subluxated shoulder enhances subluxation of the humeral head, but it can have a compensatory functional effect by increasing the external rotation of the arm. When the humeral head is reduced operatively, however, an external rotation contracture of the arm may develop. Birch 1 found this in onethird of 86 children in whom subluxated shoulders were surgically reduced. An external rotation contracture can cause problems since most activities of daily living require internal rotation. 18 Postoperative stiffness is also encountered in shoulders which are reduced by operation. We believe that the combined effect of increased retroversion and the long-standing postoperative stiffness of the operated shoulder immobilised in external rotation, causes an external rotation contracture in some children with an OBPL. This can be treated by a derotational osteotomy 1, 10 which should be performed at least one year after reduction of the shoulder in order to allow time for recovery of function. Increased humeral retroversion is present in some children with an OBPL and is not related to the type of OBPL or deformities of the shoulder. This finding is of importance when operative treatment for subluxation of the shoulder is being considered in these children.
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